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Preliminary results from next-to-leading order strange sea �ts to the NuTeV's deep inelastic
scattering charged-current dimuon cross section data are presented. Preliminary neutrino and
antineutrino inclusive charged-current di�erential cross sections and preliminary structure
function F2(x;Q

2) are presented.

Introduction

Neutrino-nucleon deep inelastic scattering (DIS) probes the structure of the nucleon and QCD.
The NuTeV experiment is a high-energy �xed target �N scattering experiment 1, which com-
bines two new features: separate high-purity neutrino and antineutrino beams, used to tag the
primary lepton in charged-current interactions, and a continuous precision calibration beam
which improves the experiment's knowledge of the absolute energy scale for hadrons and muons
produced in neutrino interactions2. 8:6�105 � and 2:3�105 � charged-current (CC) interactions
passing analysis cuts were collected during NuTeV's data taking run.

NLO Charm Production

Charm production occurs in CC interactions when �(�) scatters o� s(s) or d(d) quarks in the
nucleon. Charm production from d quarks is Cabbibo suppressed, which allows sensitivity to the
strange parton distribution function (PDF). The charmed hadron produced in this interaction
decays semileptonically to a muon about 10% of the time providing a distinct signature of two
�nal state muons of opposite sign. The high-purity beam tags the sign of the muon from the
primary vertex and allows an independent measurement of strange and antistrange seas.

The presence of a large gluon sea in the nucleon requires the strange sea �t to be performed
at NLO in QCD. A new NLO calculation 3 implemented into a FORTRAN routine DISCO 4,
calculates the di�erential cross section for charm production as di�erential in x, y, fragmentation
momentum ratio z, and charm rapidity �c.



Figure 1: NuTeV's forward dimuon cross section (crosses) with the NLO �t curve for � (left) and � (right).

parameter �t value stat. syst.

mc 1:46 �0:24 �0:07

� 0:516 �0:033 �0:031

� 0:511 �0:038 �0:040

� 0:73 �0:47 �0:52

� 0:92 �0:43 �0:06

� 0:20 �0:13 �0:04

�2=dof 36:2=38

Table 1: Preliminary 6-parameter �t to the NuTeV's dimuon cross section table.

NuTeV recently published a measurement of the di�erential cross section for forward dimuon
production 5, with the muon from charm decay, required to have energy E�2 > 5 GeV. A NLO
�t to the forward dimuon cross section is performed using,

d2�2�
dxdy

=
d2�charm
dxdy

�EMC � Bc �A (1)

where d2�2�
dxdy is the measured NuTeV dimuon cross section, d2�charm

dxdy is the NLO cross section
model integrated over z and �c, EMC is an x dependent correction for the EMC e�ect and
nuclear shadowing, Bc is the semileptonic charm branching ratio (Bc = 0:093 6 is used in the
�t), and A is an acceptance correction accounting for the minimum energy cut on E�2. The
acceptance correction is a function of the fragmentation parameter � and the charm mass mc,
in addition to x, y, and E� . Both cross sections are functions of neutrino energy E� .

Preliminary Strange Sea Fit Results

A preliminary �t to the NuTeV dimuon cross section table has been performed using the NLO
cross section model described in the previous section. Collins-Spiller fragmentation parameter
�, charm mass mc, �, �, �, and � are the 6 �t parameters. The s(s) sea is parameterized using,

s(s) = �(�)
u(x) + d(x)

2
(1� x)�(�) (2)
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Figure 2: (Left) Preliminary cross section measurement NuTeV (solid squares), CCFR (open squares), curve shows
QCD inspired �t to data. (Right) Preliminary F2 measurement NuTeV (solid squares), CCFR (open squares),

curve shows NLO QCD Model12 . Statistical errors only.

in terms of the light-quark sea distributions. The GRV94HO 8 PDF's were used in the �t.

Fig. 1 shows the preliminary �t result and the dimuon cross section points for both neutrino
and antineutrino mode. Fit parameters are given in Table 1. The NLO �t describes the data
well. This result is the �rst NLO extraction with full di�erential dependence on �c and z. This
NLO model will be used to re-extract the dimuon cross section as a check.

�-Fe CC Di�erential Cross Section and �-Fe Structure Functions

The di�erential cross section is determined from

d2��(�)

dxdy
=

1

�(E)

d2N�(�)(E)

dxdy
: (3)

where �(E) is the �(�) 
ux in energy bins. The cross section event sample is required to
pass �ducial volume cuts, � track reconstruction quality cuts, and minimum energy thresholds
for muon energy (E� > 15 GeV), hadronic energy (EHAD > 10 GeV), and neutrino energy
(E� > 30 GeV). Selected events are binned in x, y, and E� bins, and corrected for acceptance
and smearing using a detector simulation. Q2 > 1 GeV2/c2 is required to minimize the non-
perturbative contribution to the cross section. NuTeV data ranges from 10�3 to 0:95 in x, 0:05
to 0:95 in y, and from 30 GeV to 300 GeV in E� .

The 
ux is determined from data with EHAD < 20 GeV using the \�xed �0" relative 
ux
extraction method 1. The integrated number of events in this sample as y = EHAD

E�
! 0 is

proportional to the 
ux. Corrections, determined from the data sample, up to order y2 are
applied to determine the relative 
ux to about the 1% level. Flux is normalized using the world
average �-Fe cross section 7 ��

E�
= 0:677� 10�38cm2=GeV .

The detector simulation, which takes into account acceptance and resolution e�ects, uses
an empirically determined set of PDFs extracted by �tting the di�erential cross section 9. The
procedure is then iterated until convergence is achieved (within 3 iterations). Detector response
functions are parameterized from the NuTeV calibration beam data samples 2. As a typical
example, the di�erential cross section at E = 85 GeV is shown on Fig. 2(left). NuTeV is found
to be in good agreement with CCFR 10.



Preliminary F2 Structure Function Fit Result

The sum of the neutrino and antineutrino di�erential cross sections can be written in terms of
�, the polarization of W boson :

F (�) =
�(1� �)

y2G2
FMpE�

 
d2��

dxdy
+
d2��

dxdy

!
= 2xF1

h
1 + �R(x;Q2)

i
+

y(1� y
2 )

1 + (1� y)2 +Mpxy=E
�xF3:

(4)

where � =
2(1�y)�Mpxy=E

1+(1�y)2+Mpxy=E
. F2(x;Q

2) is extracted from �ts to the y distribution using RWORLD
11

as input for R(x;Q2), and a NLO model12 for �xF3. Preliminary F2 �t result is shown on Fig. 2
(right). Results are in good agreement with previous � � Fe measurements for x < 0:45 and
good agreement with QCD.

Conclusions and Prospects

NuTeV has new preliminary results on NLO charm production from �ts to the NuTeV dimuon
cross section. NLO charm mass parameter and s(s) seas have been extracted from the �ts. New
preliminary measurements of the �-Fe and �-Fe CC di�erential cross sections and the structure
function F2 have been presented. Both are in good agreement with the results from previous
�-Fe experiments and QCD.
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